Popular Approaches
Markov chain Approach: a widely used approach to model the behavior of EAs.
A population = a state in the state (probability) space. Generation of a new population = state (probability) transition Populations sequence be the first hitting time to optimal solutions when starting from a non-optimal population § ;¨is the transition probability matrix written in the form:
Markov Chain Approach to Computation time

Less Popular but More Useful Approaches
Martingale Approach: less commonly used, but seems to be more useful and powerful analytical tools to us.
A stochastic process If the mean local performance at each generation:
is a super-martingale;
Martingale theory can be used to analyse convergence, mean first hitting time, EA-hardness, ...
How? Drift Analysis as a General Framework
Consider the population sequence
on a probability space, the general approach to analysing EAs using drift analysis can be summarised as follows:
to measure the distance between a population ¡ and the optimal solution.
Estimate the one-step mean drift of ¡ ¢ towards the optimal solution:
Derive some properties of the sequence, e.g., the first hitting time, convergence, convergence rate, etc., through the mean drift. 
Making Simple Things Complicated
Define a distance function to measure the distance between a point ¡ and the bedroom,
is his position at
Then the first hitting time ¢ to the bedroom:
An Example: After a Few Drinks
The impact of the few drinks:
At the bar, he always leaves for the bedroom; In between the dinning room and bedroom, he moves 1 meter in each step, forward with probability 0.6, backward with probability 0.4.
Question: how many steps does he need to go to his bedroom?
Getting Back After a Few Drinks
Define the same distance function
Estimate his speed (drift) (
is his position at ¥ -step):
Compute the mean speed/drift before arriving at the bedroom:
The mean first hitting time to the bedroom is:
An Example: Too Many Drinks
After drink situation: He always heads towards his bedroom.
In between the dinning room and the bedroom, he moves 1 meter in each step, forward with probability 0.4 and backward with probability 0.6.
Question: how many steps does he need to arrive at his bedroom?
Journey Towards the Bedroom
Define a new distance function:
Speed/drift in between the dinning room and bedroom ( 
Summary from the Examples
Given a problem and an EA, we can analyse the EA as follows:
Define a distance function to measure how far or how good a population is away from the optimal solution;
Estimate the mean drift towards the optimal solution;
Prove the convergence, convergence rate, computation time, ... 
Wait a Minute!
One of the key characteristics of EAs is their populations. What about population-based EAs?
Computational complexity: will the time complexity be changed if we introduce a population into EAs?
First hitting probability: which one between an 
Population Can Help
A case study on comparing time complexity: population can be beneficial (He and Yao, 2002 )) a Given a problem: 
Characterising Problems for EAs
OK, OK, you've made your points. Drift analysis can be useful to analyse EAs, some of which may be more efficient than others, but
How do I know whether I should use a given EA for a particular problem?
In other words, how to characterise problems for EAs? 
EA-Easy Problems
EA-Hard Problems
Discussions on Analytical Tools
Advantages of Drift Analysis:
Intuitive and simple idea: time= distance/drift; Unified framework: it can be used to analyse the computation time, convergence, etc., of EAs;
Mathematical foundation: it can be thought as an application of martingale theory. We can get the help from real theoreticans.
Disadvantages of Drift Analysis:
It is nontrivial to define a distance function;
It is hard to estimate the mean drift.
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What Make a Problem EA-Hard
There are two and only two classes of EA-hard combinatorial problems;
The "wide-gap" problem. There is at least one wide plateau (gap) in the search space that the EA finds it hard to escape from.
The "long-path" problem. There are exponential number of plateaus in the search space.
